The generation of a small and representative library of 3, 5, 8 -trisubstituted coumarins (21 compounds, 7 families, 3 groups) is described. The library was built from the corresponding propargyl vinyl ethers and three different 1,3-dicarbonyl derivatives using a one pot coupled domino strategy.
From our previous studies on the salicylaldehyde formation reaction (Scheme 2), 10 we knew that the in situ produced methanol (one equivalent of methanol is generated in the formation of salicylaldehyde 2) had to be removed from the reaction media to avoid the competitive formation of alkene 7, which is generated by methanol addition on 5 and redox rearrangement of the resulting hemiacetal.
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This redox process could be avoided by using activated powdered molecular sieves 4Ǻ (MS 4Ǻ) as an additive. A fortuitous discovery showed us that also pyridine, a nucleophilic base, inhibited the formation of the alkene. 7 It is not easy to imagine pyridine as a methanol scavenger; instead, we believe that both additives assist in the enolization of intermediate 5 to give triene 6 which is not a suitable electrophile for methanol. If intermediate 5 is quickly enolized, then its concentration will be maintained low and the formation of alkene 7 will be inhibited or severely diminished. There are precedents for the enolization of nitroalkanes aided by MS 4Ǻ. 12 We found that the microwave irradiation of a solution of PVE 1 in xylene (1 mmol/1ml) [200 ºC, 300 W, 1h, closed vessel] in the presence of two equivalents of pyridine afforded the corresponding salicylaldehydes 2 with a comparable efficiency to the same process in the presence of MS 4Ǻ (Table 1) . Whereas pyridine offers a similar or slightly lower efficiency than MS 4Ǻ for substrates involving an aromatic or an ester group (diene activating groups) (entries 1-4), it is the best option in the case of alkyl substitution at the terminal and propargylic positions (entry 5) . It is noteworthy that in these cases pyridine offers a clear advantage over MS 4Ǻ either in terms of instrumental simplicity (the reaction is performed under homogeneous conditions) and yields (54% versus 44%). Oxygen-containing and fluoride-containing derivatives can be accessed with pyridine as additive in fairly good yields (entries 6 and 7).
Once the pyridine-assisted reaction could be standardized, we went one step further and we studied the transformation of these substituted salicylaldehydes 2a-g into coumarins 3 featuring different substituents at the C 3 position. For this transformation we explored a domino Knoevenagel condensation/lactonization protocol, 1,8 involving 1,3-dicarbonyl derivatives armed with at least one ester group and salicylaldehydes 2a-g. This domino reaction can be base-catalyzed (through the formation of the enolate anion of the active methylene derivative) or iminium-catalyzed (through the formation of the corresponding iminium ion derivative of the aromatic aldehyde). 13 As a first approximation, we chose 6 the base catalyzed version in hopes that we would be able to connect this domino reaction with the pyridine-assisted domino formation of salicylaldehydes 2 (Scheme 2). After several experimental attempts using different malonate derivatives, different bases and different reaction conditions (temperature, solvent), we were unable to run the whole process directly from the PVE: the set of experimental conditions that sparked a domino process were unfavorable for the other and vice versa. Thus, we turned our attention to a one pot strategy. We explored this possibility using the iminium catalyzed conditions for the Knoevenagel reaction. 13 After several experimental attempts using different catalysts and conditions, we arrived to piperidinium acetate (PPA) (5 mol%) as the best catalyst and refluxing ethanol as the more convenient reaction conditions. The one pot process could be performed by first running the mi- 
EXPERIMENTAL SECTION General information.
1 H NMR and 13 C NMR spectra of CDCl 3 solutions were recorded either at 400
and 100 MHz or at 500 and 125 MHz, respectively. Microwave reactions were conducted in sealed glass vessels (capacity 10 mL) using a CEM Discover microwave reactor equipped with a surface sensor for temperature measuring of the reaction mixture. FT-IR spectra were measured in chloroform solutions using a FT-IR spectrophotometer. Mass spectra (low resolution) (EI/CI) and HRMS (EI/TOF) were obtained with a gas chromatograph/mass spectrometer. Analytical thin-layer chromatography plates used UV-active silica on aluminum. Flash column chromatography was carried out with silica gel of particle size less than 0.020 mm, using appropriate mixtures of ethyl acetate and hexanes as eluents. All reactions were performed in oven-dried glassware. All materials were obtained from commercial suppliers and used as received unless otherwise noted. Propargyl vinyl ethers (PVEs) were synthesized according to literature procedures (1a-c, 1e-g), 15 and (1d). 16 When not commercially available, the propargyl alcohols were prepared by addition of the lithium acetylides onto the appropriate aldehydes following the literature procedure. 17 All other materials were obtained from commercial suppliers and used as received. Products 1a-f, have been previously reported and all data are in accordance with those of the literature.
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Synthesis of (E)-Methyl 3-(1-(benzyloxy)-4-phenylbut-3-yn-2-yloxy)acrylate (1g). Triethylamine
(0.30 mmol) was added to a solution of methyl propiolate (3.0 mmol) and 1-(benzyloxy)-4-phenylbut-3-yn-2-ol (3.0 mmol) in dry CH 2 Cl 2 (10 ml). The reaction mixture was stirred for 2 h. After removing the solvent at reduced pressure the products were purified by flash column chromatography (silica gel, n- 9, 73.6, 82.5, 88.9, 98.9, 121.5, 127.8, 127.9, 128.4, 128.5, 129.1, 131.9, 137.5, 160.6, 167.9 ppm. FTIR (CHCl 3 ): 3065. 5, 3028.1, 3014.9, 2952.4, 2909.2, 2867.9, 2229.01, 1953.3, 1884.5, 1705.3, 1643.7, 1626.3, 1492.3, 1439.7 Representative procedure for the microwave-assisted rearrangement of propargyl vinyl ether 1 in the presence of pyridine. Synthesis of salicylaldehydes 2. Propargyl vinyl ether 1g (1.00 mmol), oxylene (1 mL) and pyridine (2.00 mmol) were placed in a microwave-special closed vial and the solution was irradiated for 1 hour in a single-mode microwave oven (300 Watt, 200 ºC). After removing the solvent at reduced pressure the products were purified by flash column chromatography (silica gel, ap-propriate mixtures of ethyl acetate / hexane) to yield 2g (212.8 mg; 70% 6, 18.3, 120.7, 120.8, 127.4, 127.9, 128.1, 128.4, 128.7, 130.2, 136.7, 137.5, 139.5, 146.7, 153.7, 197.6 Representative procedure for the synthesis of coumarins bearing an acetate at the 3-position (Conditions A). Propargyl vinyl ether 1a (1.00 mmol), o-xylene (1 mL) and pyridine (2.00 mmol) were placed in a microwave-special closed vial and the solution was irradiated for 1 hour in a single-mode microwave oven (300 Watt, 200 ºC). After the time described, the sample was cooled to room temperature and the crude of the reaction was redissolved in 3 mL of ethanol. Ethyl acetoacetate (1.1 mmol) and piperidine (0.05 mmol) were added and the solution was refluxed during 20 hours. After that time, the solvent was removed at reduced pressure. The products were purified by flash column chromatography (silica gel, appropriate mixtures of dichloromethane / hexane) to yield 3aa (204.4 mg; 70%). 14.0, 22.5, 30.5, 116.2, 123.9, 125.7, 128.4, 129.8, 131.1, 133.6, 137.6, 141.8, 146.4, 153.8, 159.1, 195.7 ppm. FTIR (CHCl 3 ): 3025. 9, 2974.9, 2877.3, 1954.9, 1905.8, 1729.9, 1688.3, 1581.5 4, 71.5, 117.2, 118.1, 124.4, 125.5, 127.3, 128.1, 128.2, 128.7, 128.8, 129.8, 135.8, 136.1, 137.3, 145.2, 145.9, 146.2, 158.5, 195.6 136.7, 143.7, 150.5, 151.9, 162.5, 163.6 ppm. FTIR (CHCl 3 ):  3692. 4, 3063.9, 3027.8, 2962.7, 1758.9, 1682.1, 1590.8, 1471.5, 1453.8, 1397.6 cm -1 3, 126.6, 128.7, 128.9 (2C), 129.7 (2C), 132.8, 136.8, 137.4, 142.5, 150.7, 153.8, 163.34, 163.38 9.14 (s, 1H), 12.42 (s, 1H) ppm. 13 C NMR (CDCl 3 , 100 MHz): = 13.8, 13.9, 22.3, 22.4, 31.6, 34.1, 113.4, 117.0, 126.3, 130.3, 135.4, 142.0, 148.7, 135.3, 163.0, 164.1ppm 71.7, 114.6, 117.6, 118.9, 126.8, 127.4, 128.5, 128.6, 128.9, 129.1, 130.7, 135.6, 136.0, 136.7, 144.6, 145.5, 150.5, 162.5, 163.6 Representative procedure for the synthesis of coumarins bearing a cyano group at the 3-position.
3-Acetyl-8-ethyl-5-phenyl-2H-chromen-2-one (3aa
3-Acetyl-5-butyl-8-ethyl-2H-chromen-2-one (3ea). (114.2 mg; 42%
3-Acetyl-8-fluoro-5-phenyl-2H-chromen-2-one (3fa
3-Acetyl-8-(benzyloxy)-5-phenyl-2H-chromen-2-one (3ga
8-tert-Butyl-2-oxo-5-phenyl-2H-chromene-3-carboxylic acid (3cb). (138.5 mg; 43%
8-Fluoro-2-oxo-5-phenyl-2H-chromene-3-carboxylic acid (3fb
(Conditions C). Propargyl vinyl ether 1a (1.00 mmol), o-xylene (1 mL) and pyridine (2.00 mmol) were placed in a microwave-special closed vial and the solution was irradiated for 1 hour in a single-mode microwave oven (300 Watt, 200 ºC). After the time described the sample was cooled to room temperature. Ethyl cyanoacetate (1.1 mmol) and piperidine (0.05 mmol) were added and the solution was heated to 100ºC (300 Watt), during 1 hour. The solvent was then removed at reduced pressure. The products were purified by flash column chromatography (silica gel, appropriate mixtures of dichloromethane/hexane) to yield 3ac (149.9 mg; 57%). 13.9, 22.4, 102.4, 113.9, 115.4, 126.3, 128.8, 129.0, 129.7, 131.9, 134.8, 136.8, 140.9, 151.0, 153.1, 156.4 ppm. FTIR (CHCl 3 ):3064.1, 3026.8, 2973 .9, 2934 .1, 2876 .7, 2236 .1, 1906 .8, 1743 .0, 1588 .6, 1473 1215.9 cm -1 . Anal. Calcd for C 18 H 13 NO 2 : C, 78.53; H, 4.76; N, 5.09. Found: C, 78.58; H, 4.76; N, 5.16 .
8-Ethyl-2-oxo-5-phenyl-2H-chromene-3-carbonitrile (3ac
LRMS (70 eV 35.1, 101.8, 113.9, 116.0, 126.0, 128.8, 129.0, 129.7, 132.7, 136.8, 137.7, 141.3, 151.3, 153.9, 155.8 ppm. FTIR (CHCl 3 ):3692. 6, 3063.7, 3025.1, 2963.8, 2876.3, 2237.4, 1742.5, 1618.5, 1582.9 13.8, 22.6, 31.6, 52.9, 104.4, 113.6, 116.6, 125.9, 128.1, 134.7, 136.6, 150.5, 153.4, 155.5, 165.4 ppm. FTIR (CHCl 3 ):3092.7, 3028.0, 3001.9, 2961 .4, 2934 .6, 2875 .3, 2237 .3, 1742 .9, 1720 .9, 1618 .7, 1586 .8, 1482 .3, 1436 13.8, 13.9, 22.2, 22.5, 31.7, 34.1, 101.9, 114.1, 115.6, 125.8, 130.5, 135.2, 140.5, 149.2, 153.3, 156.5 ppm. FTIR (CHCl 3 ):3026.2, 2962 .9, 2935 .4, 2875 .6, 2234 .7, 1910 .8, 1880 .2, 1739 .7, 1591 .8, 1483 .8, 1463 6, 103.1, 113.8, 116.2, 119.1, 126.1, 127.4, 128.4, 128.6, 128.8, 129.0, 129.8, 134.8, 135.7, 136.6, 145.2, 145.6, 150.9, 155.8 
8-(Benzyloxy)-2-oxo-5-phenyl-2H-chromene-3-carbonitrile (3gc
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